O ne of the greatest sources of nonnative species in marine and freshwater ecosystems is ballast water discharged from ships. To maintain trim and stability when not fully laden with cargo, oceangoing vessels take on ballast water, which is subsequently discharged into the environment along with any surviving organisms. Although only a small fraction of these organisms establish in the new environment, biological invasions from ballast water are an enormous problem. Zebra mussels, which foul boats and pipes and have been linked to declines in biodiversity and sport fish, were introduced into the North American Great Lakes in this way. Likewise, the 1991-1992 American cholera epidemic-which ultimately infected more than 533,000 people and killed more than 4700-was probably caused by pathogens released in ballast water (WHO 1992) .
The new International Convention for the Control and Management of Ships' Ballast Water and Sediments promises to greatly reduce future biological invasions in coastal areas around the world. At the same time, it institutionalizes a severe inequity in the global distribution of environmental risks caused by the asymmetrical relationship between exports and imports in developing nations.
Environmental injustice
The number of biological invasions in aquatic ecosystems is known to be correlated with the volume of ballast water discharged (Ricciardi 2001) . Thus, ports with higher traffic should expect a greater number of invasive species and diseases. A seemingly straightforward conclusion is that this is a nasty byproduct of shipping, but one borne by all nations in proportion to the value they gain from trade.
A deeper look suggests that the problem may be more insidious. To maintain safe operating weight, ships discharge ballast before loading cargo. The heaviest goods transported by ships are unrefined raw materials such as metal ores and wood chips, so that nations exporting large volumes of these products will be importing large volumes of ballast water. To compound the problem for exporters, ships that carry these materials are generally custom-built to do so, meaning that they arrive with empty holds and full ballast tanks. Container ships, which carry more valuable products, don't aggravate the problem in this way because they carry a variety of cargoes, and hence rarely travel without cargo on board. Because ballast water compensates for the lack of cargo, nations with high export-to-import ratios (by weight, not volume or value) will bear the greatest burden of risk for invasions from ballast water.
Clearly, this breaches reasonable standards of international environmental justice. There is no justification for imposing the burden of invasions and epidemics disproportionately on nations that already incur large environmental costs by exporting their raw materials. A commitment to environmental justice means that natural resources and ecosystem services, as well as exposure to environmental hazards like diseases, should be distributed equitably. This requires that wealthy nations, which benefit most from the trade in raw materials, should also bear the bulk of costs and risks associated with ballast water. The current situation is the opposite. The poorest nations-those lacking the industrial base to refine their raw materials into more valuable products before exportare bearing high costs of invasion relative to benefits gained from trade.
Confirming this conjecture requires determining which nations have the highest concentrations of nonindigenous species. Making that assessment is complicated by yet another inequity, however. Even wealthy nations with a high ratio of wealth to coastline and well-funded scientific institutions, like the United States, cannot afford to adequately sample their coastal ecosystems in the search for new nonnative species; poorer nations, especially island nations with lots of coastline, most certainly cannot do so. This disparity in scientific effort leads to a situation in which a real asymmetry between rich and poor countries in bearing the costs of invasion goes unnoticed.
The convention
Can this environmental injustice to developing nations be redressed? Three mechanisms are available: diplomatic agreements, regulation, and economic incentives. Importantly, the shipping industry will be involved in endeavors to implement any of these instruments. Indeed, its cooperation is already evident in the drafting of the new ocean-thus exchanging coastal species for pelagic ones, which are unlikely to survive in the ports where they are discharged-or carry out other interventions that are at least as effective at reducing numbers of viable organisms. Although this is a meaningful step forward, the effectiveness of ballast exchange at reducing organism densities is unknown, and it is therefore impossible to predict how much invasion rates will decline. Even more problematic is that many species have quiescent "resting stages," during which they settle to the bottom of ballast tanks and thus are not effectively removed during ballast water exchange. Nevertheless, we hope that the convention will considerably reduce the average rate of biological invasion in coastal areas around the world.
One promising aspect of the new convention is that it specifically allows individual states to enforce higher standards for ballast water treatment in their own ports. In principle, the use of this regulatory mechanism could redress the existing distributional inequity if developing nations used it to reduce invasion rates. We don't expect this to happen, however. Only wealthy nations regulated ballast water discharge before the convention, and these are the most likely nations to continue to require higher standards for ships operating in their waters. Hence, although the convention creates the potential to reduce poorer nations' burden of invasive species, we consider it more likely that it will exacerbate the inequity.
Even if the convention is used to address distributional inequity, the history of ballast water management shows that international agreements alone probably will not work. Indeed, a case could be made that nations whose trade causes invasions and epidemics in other territories are already breaking international conventions, including the International Convention on Biological Diversity, which requires nations to prevent the introduction of ecologically damaging species, and the United Nations Convention on the Law of the Sea, which requires that nations take all measures necessary to prevent accidental and intentional introductions of harmful invasive species.
We believe that economic mechanisms will be necessary to effectively redress distributional inequities caused by ballast water discharge and that these mechanisms should be tied to programs for the prevention, detection, and control of invasive species. Specifically, we think that an international fund should be made available to pay for measures that will lower the risk of invasions and eradicate invasive species when they are detected. This fund would need to be coupled with frequent biological surveys to look for invaders in all ports receiving ballast water, and resources for these surveys should be available to all nations in proportion to the amount of ballast water they receive. In this way, wealthy nations with better surveillance for invasive species would not be unfairly advantaged as they inevitably locate a greater number of their invasive species. This fund should also be used to develop, purchase, and maintain new technologies for preventing the release of viable organisms during ballast water discharge.
It remains to be determined how these programs could be financed. The legal effectiveness of insurance and fines is uncertain, as liability for ballast water invasions has never been assigned; moreover, it is unclear whether such an approach would be workable (Jenkins 2002) . Therefore, financial liability must be combined with tax-or fee-based approaches. We think that the responsibility for resolving this problem lies with both the shipping industry and the societies that benefit from trade. To address the distributional problem, fees could be imposed differentially among nation-states to ensure that societies pay their share of the costs of biological invasions and epidemics, perhaps by taxing ships in ports where ballast water is obtained. Moreover, fees could be reduced for ships implementing technologies that treat ballast water, thereby providing an economic incentive for practices that reduce the risk of invasion.
Biological invasions are a severe threat to freshwater and marine biodiversity worldwide (Drake and Lodge 2004) . Although the new convention will undoubtedly reduce average global invasion rates, it does not redress the inequitable distribution of risk of biological invasions and epidemics. If nations and international bodies act now to implement these steps toward cooperative management of invasion risk, substantial progress toward the fair distribution of environmental goods and services throughout the world will be achieved.
